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Hanes et al., EOS, 1993:

…should we seek to develop predictive 
engineering models that incorporate 
physical processes?  

…what temporal and spatial scales must 
the physics be described if the goal is to 
predict medium- to large-scale coastal 
change?

Why study O(1m) to O(1km) seabed morphology?

Today’s suggestion: The gap between 
grain-scale processes and large scale 
coastal behavior is bridged in nature by a 
full range of intermediate scale seabed 
morphologies, thus providing a potential 
opportunity to mechanistically connect 
different scales.



San Francisco Bay and Coastal Region, Central California

Regional Motivations for Scientific 
Investigations:

•Sediment Management

•Coastal Erosion

•Water Quality

•Shipping and Navigation

•Ecology (National Marine Sanctuary)

•Pollutants and accidental spills

•Security

50 km

Monterey 
Bay

SF

San 
Jose

Oakland

Sac. & S.J. 
Rivers

Marin



Ocean Beach Erosion- near Sloat Blvd/S.F. Zoo
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Offshore Wave Climate 
Annual Statistics

SF Bay Tidal Prism = 
2,000,000,000 m3 !!!

Typical Max Tidal Currents (m/s)
Golden Gate 2.5
Point Lobos 1.5
Central Ocean Beach 1.0

Ocean Beach



San Francisco Bight Coastal Processes Study
http://walrus.wr.usgs.gov/co
astal_processes/intro.html

Field observations and 
numerical modeling 
designed to describe and 
explore the hydrodynamics, 
morphology, and sediment 
transport pathways of the 
region.

Last comprehensive 
bathymetric survey: 1956 
NOAA lead-line



High resolution multi-beam bathymetric survey
Sea Floor Mapping Lab, CSU Monterey Bay, Rikk Kvitek, director

Co-funded by USGS and USACE, SF District

Surveys days: 

35 in 2004, 

15 in 2005, 

15 planned for 
2006



Ebb Shoal Depth Change over past 48 years



Bedform Examples from 
Multibeam Survey

Extremely variable bedform 
morphology and scale, with 
some very sharp boundaries;

Panels: 
A) Giant sand wave field, up to 150 m 

wavelengths, nearly two 
dimensional, ebb dominated with 
superimposed 5 to 10 meter scale 
dunes.

B) Linguoid sand waves or very large 
megaripples, regular but three 
dimensional pattern, 20-30 m 
scale. 

C) Sand waves, flood-dominated, 15-
20 m scale. 

D) Irregular, three-dimensional sand 
waves seaward of the main sand 
wave field.





Field of Giant Sand Waves



Giant Sand Waves
are Dynamic!

Difference 
between two 
surveys separated 
by 12 days



Modeling
Delft3D and NearCoM

3 spatial scales: estuary, shelf, beach

Goals: Wave evolution, circulation, sediment 
transport and morphological evolution on the 
inner shelf and in the surf zone.



Mouth of SF Bay Tidal Currents





Summary

• The SF Bight is an area of high energy 
waves and currents and ample 
sediment, resulting in an abundance 
and diverse variety of bedforms.

• Ocean Beach and its erosional trend 
are related to the larger system 
including SF Bay and the ebb tidal 
shoal. 

• The entire ebb shoal has contracted 
over the past half century.

• Particularly interesting is a field of 
giant, dynamic, sand waves just 
outside the Golden Gate.
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In closing, some poetry!

L.F. Richardson, on the cascading scales of hydrodynamics :

Great whirls have little whirls
That feed on their velocity

And little whirls have lesser whirls
And so on to viscosity

Is there any analog for sediment transport and/or morphology?



Grains move to and fro 
Forming wiggles and bumps that grow

Into dunes, bars, and swales
Merging and bridging scales

From the grains coefficient of restitution
Up to coastal evolution



Summer 2005 Field Work



Possible causes for the erosional hot 
spot in the southern portion of Ocean Beach

• The local wave refraction due to 
bathymetry results in a divergence of 
longshore sediment transport.

• The entire ebb tidal delta has shrunk in 
extent due to a reduced tidal prism-
thereby altering wave refraction/focusing 
patterns and sediment transport pathways.

• The system is sediment starved due to 
extensive river damming coupled with a 
significant decrease in delta discharge.

• The area is a natural low spot along the 
coast due to tectonic processes.
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ADCP Flow Profile Time Series



Wave and Current Measurements



June 2005 Dredge Disposal Plan



Disposal Area



Future Directions

• Model validation with open coast in-
situ measurements in key locations, 
including inside the surf zone

• Modeling of new dredge disposal 
options and shore protection concepts

• Web-based, near-real time coastal 
observing system

• Storm impact and risk assessment

• Winter instrument deployment for 
model validation

• Link to San Francisco Bay







NearCoM Improvement for Multi-Scale Modeling
(F. Shi, Univ. Delaware)

• Moving Shoreline Boundaries, Specified surface elevation, 
Domain extended 

• beyond nearshore, and specified flux boundary conditions (for 
tidal forcing and river inflow)



NearCoM Grid for SF Application

Maximum spacing 1320m
Minimum spacing 19m



February 25th – 29th 2004 Storm

Pt. Reyes CDIP Buoy data

Storm peak conditions: Due West waves, Hs ~ 8m, Tp ~ 16s

Storm Modeling:
DELFT3D

Linked SWAN and FLOW

Nested SWAN (Overall and Intermediate Grids)

Nested FLOW (Overall and Intermediate Grids)

Forced with Hs, Tp, θp, and wind





Modeling Extreme Events
Storm Sediment TransportStorm Wave Patterns



1. Moving Shoreline Boundaries
2. Specified surface elevation and 

specified flux boundary conditions (tidal forcing and river inflow)
3.   Semi-Implicit Numerical Schemes

SHORECIRC 2.0:
Explicit schemes
CFL number <1

e.g., dx=10m, depth=10m, dt<1s

Previous Numerical Schemes

CFL-free:  SHORECIRC = GRAVITY MODE +VORTICITY MODE

Implicit scheme explicit scheme

New Numerical Schemes

NearCoM Improvement for Multi-Scale Modeling



Nearshore Community Model (NearCoM)
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NearCoM Results in SF Bight

Fine gridCoarse grid

eddy



Reach 2
(Shoreline Changes Relative To 1938 Shoreline Location)
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Shoreline Changes at Ocean Beach



Model/Data Comparison for Tides (near Golden Gate

High Cr number does not change results



Numerical Modeling

-tide stations

Overall SF Model Grid



• Figure 5. Diversity of bedforms at the mouth of San Francisco Bay. A) Up to 150 m ebb-dominated sand waves with superimposed ripples. B) 20-30 m 
scale linguoid-shaped sand waves. C) 15-20 m scale flood-dominated sand waves. C) Irregular sand waves seaward of the main sand wave field.









DELFT3D: Linked and Nested Simulations Flow Chart:

Overall FLOW Nested FLOW

Produce:  η(t) as input boundary 
condition for Nested FLOW

1.

2. Overall WAVE

Uniform BC

Hs,Tp,θp

Nested WAVE

Steady State

Nested to

Nested

Nested FLOW

15 min 
simulations

Nested MORPH

Steady State

After each 15 minute FLOW 
simulation: 

1.  morphology is updated 

2.  waves are called

NOTE:  Wave forcing is 
assumed to be constant for 
each 15 min FLOW simulation



Field Techniques and Examples 
of Observations

• All-terrain vehicle 
beach surveys

• Personal watercraft 
cross-shore surveys

• Bed sediment 
camera surveys

• Multibeam/ 
sidescan survey

• Remote Video and 
Still Image 
monitoring

bartrough

rip



for each transect
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Stack images from 
each transect to 
generate
‘time-stacks’

Run-up height
Swash period
Break point 
Surf zone width

Camera System: Li Erikson, Ann Gibbs, Patrick Barnard (EVS system)



Original oblique image

Rectified image

validation points

automatic trace
of wet-dry line


